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Degradation of Triclosan by the Photolysis, the Fenton, and the
Hybrid Reaction with Fe”" and UV : A Comparative Study

Hyun-Seok Son - Kyung-Duk Zoh'

Department of Environmental Health, School of Public Health, Seoul National University

ABSTRACT : The degradation mechanism of Triclosan(TCS), which is a potent broad-spectrum antimicrobial agent and has been considered
as an emerging pollutant, was investigated in the Fenton and the hybrid reaction with Fe’" and UV-C. The results show that the Fe**
is oxidized to 30% by HxO,, 28% by UV-C, and 15% by UV-A for 10 min. The degradation rate of TCS for beginning time(10 min)
was higher in UV-C only reaction than that in hybrid reaction, which of the order was inverted according to the lapse of reaction
time. The effect of methanol was the greatest in Fenton reaction, in which the degradation rate of TCS decreased from 90% to 5% by
the addition of methanol. Chloride, ionic intermediate, was produced to 77% for 150 min of hybrid reaction(Fe’"+ UV-C), which was
the greatest. In case with methanol, the generation rate of chloride for 15 min was ignorable in all reactions(<2%) but the hybrid reac-
tion with Fe’* and UV-C(12%). Additionally, the removal rate of TOC in each reaction was estimated as the followed orders; Fe* +
UV-C > Fe’" + H,0, > Fe*" + UV-A > UV-C > UV-A. However, the Fenton reaction was almost stopped after 90 min because the reaction
between Fe*' and H,O, cannot be kept on without adding the oxidant. The phenomena was not observed in the hybrid reaction. In view
of generating chloride, the reductive degradation of TCS may be in the hybrid reaction with Fe*" and UV-C, which is favorable to
mineralize halogenated organic compounds such as TCS. Consequently, the hybrid process with Fe’" and UV-C may be considered as
the alternative treatment method for TCS.
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Triclosan(TCS, 5-chloro-2-(2,4-dichlorophenoxy)-phenol)+= Ugt 559 Cl3} 9235+ Chloroforms dAlsithy H

A 2k, TAAHARA, v, AA, SEE 5o thdet o 253 k'Y @A) TCSE W= EPAY] 93] probable
FEFE Tol AR g AMEEHI e FFAIZRA H human carcinogen® TAE o] e @t} 9= B
WA FHe] BuA Qg =T tiide] Ha e 4l o] o) TCSE 2954 0.07~14,000 ng/L, 31310
A1 50~2,300 ng/L, sk 59 IAENA 50~150 ng/L,
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TCS(solid phase, Merck)2] 20Co|A2] TCS &I=v
3.35x 107 mMo|th? welr] BE AFo|A] Nanopure de-
ionization waterE ©]-&3}] A|Z3 &N9] TCSS %7]|F
TE 1.73x 107 mMo]ltk OH tjZte] scavenger® W)
ER&(CH;0H, HPLC grade, J.T. Baker)S AF&-8}Sth. Hydro-
gen peroxide(H,O,)(Aldrich, ~30%), iron(II) sulfate hepta-
hydrate(FeSO4 * 7H,0)(99%, J.T. Baker) ~12]3l sodium sulfite
(Na;S05)(98%, Aldrich) 52 A9k AR&-3l9Ith HE3F Fe'
o] =48 93l Hydroxylamine(NH,OH - HCI), ammonium
acetate(NH4C,H30,), sodium acetate(NaC,H;O» - 3H,0), 1,10-
phenanthroline(C;,HsN>H,0), sodium sulfide(Na,SO;), magne-
sium sulfate(MgSOy4), 2] hydrogen chloride(HCl) 5=
ACS SHFLZ sigma-Aldrich(USA)ollA Fdste] ALS-sFE T

2
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S A AR5 e A=, metering pump(Cole-
Parmer, USA), Z28]3 W3} HHHo 7 HEH= FHks
xo] Ahoz FAH ok FWHE Alx=He] 7 REE
< Teflon tubing® 2 AAHJT Az &% 15 L=
A fFEE AR, TCS S99 dddS FA57] 9
3 N&How wikstygth v Z=(5 em x 30 cm)S 4
Ay e 2A] 9k 838 150 mLol A F(quartz) O-=
AzFete] ARSI o™, F4-2 0.1 Lmin®] f&o= Juk
S Al2=HlE £Es9th UV = medium-pressure Hg-
vapor UV lamp(150 W, philips)S AFE-3tR 1, FLL wks
AP 10 emd AYE T ZAFHEUT UV-A400 nm -
320 nm)2} UV-C(280 nm -200 nm)F o] H=ZE AL-83}
dom Zpzho]l FAM|7]E= VLX-3W radiometer(Cole-Parmer
Instrument) S AF&-3}e] 229} 4.1 mW/em’® ZH = Ath
HAEW-SS 93t Lindsay 5'°] AH&HE Fe’ ¢} H,0,
o Hl&E FXZ 5t 2 mMT 5 mME TSt AR
sch mmgh vk W80, o] 83k pH 302 %73
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Fig. 1. Scheme of Photo-reactor.
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USA)E AH&-3FAT
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Fig. 2. Oxidation of Fe*" in the reactions related to H,O,,
UV-A, and UV-C.
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Fig. 3. Degradation of TCS for 10 min reaction in the Fen-
ton, the photolysis with UV-A/UV-C, and the hybrid
reaction reactions with Fe’" and UV-A/UV-C.
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Fig. 4. Degradation of TCS in the Fenton, the photolysis with UV-A/UV-C, and the hybrid reaction reactions with Fe*" and
UV-A/UV-C according to (a) the absence and (b) the presence of methanol.
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Fig. 5. Production of chloride (CI) for overall reaction time
(150 min) in the Fenton, the photolysis with UV-A/
UV-C, and the hybrid reaction reactions with Fe™*
and UV-A/UV-C.
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Fig. 6. Production of CI' for 20 min in the Fenton, the photolysis with UV-A/UV-C, and the hybrid reaction reactions with Fe**
and UV-A/UV-C by the condition (a) without methanol and (b) with methanol.
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